We present extensive studies of adsorption dynamics of molecular species to pristine and defected graphene layers. The studies are based on ab initio molecular dynamics (AIMD) calculations in the framework of density functional theory (DFT). They provide valuable theoretical predictions of the sticking coefficients and physical insight into adsorption mechanisms. We find out that defects in graphene can induce stronger adsorption.
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Reactivity of carbon nanostructures towards gas molecules is a topic of interest across several different fields. Electronic and elastic properties of covalently functionalized graphene have been studied with technological applications in mind [1] . Of particular note is the field of carbon capture and storage, which aims to develop novel methods of reducing atmospheric CO 2 concentrations by sequestration.
Energetics of covalent and van der Waals bonding (chemi-and physisorption) of several gaseous species (H, H 2 , CO, CO 2 , CH 3 , CH 4 ) to graphene are studied. A previous study has outlined the necessity to include a more robust functional to describe van der Waals bonding in graphitic systems [2] . Empirical correction scheme according to Grimme [3] is thus used to provide a comprehensive description of physisorption. Isolated graphene and graphene with ad-molecules are treated in both static DFT and in the AIMD approaches. The latter technique is employed to investigate the effects of deformations in finite temperature which are particularly pronounced in defected graphene. Among the studied defects are monovacancies and Stone-Wales (5-7-7-5) defects. AIMD provides insight as to how temperature influences local curvature induced by sp 2 ←→ sp 3 rehybridization, while static DFT calculations of adsorption energy are used to compare reactivity of different sites on the carbon lattice. Generally, defect sites are found to be more reactive towards gas adsorption. (Fig. 2) This work is supported by the SHALESEQ project within the Polish-Norwegian Research Programme (EEA Grant PL12-0109)
